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INTRODUCTION 

There are many different information user communities. The dif- 
ferences between them may be great. Even within similar or related 
user communities there may be considerable differences among us- 
ers. Thus, to meet the information needs of the user communities, 
information professionals must first understand the nature of the 
user community and become familiar with the information-seeking 
habits and practices of the user. Generally, this has not been the 
case in science and technology. Information professionals have as- 
sumed certain similarities between science and technology and sci- 
entists and engineers. 

The two communities and user groups are not the same and the 
argument that a scientist is a more generic term merely evades the 
fundamental issue. The practice of lumping the two groups [engi- 
neers and scientists] together is self-defeating in information [pro- 
duction, transfer, and] use studies because confusion over the char- 
acteristics of the sample has led to what appears to be conflicting 
results and to a greater difficulty in developing normative measures 
for improving information systems in either science or technology. 

Further, the terms engineer and scientist are not synonymous. 
The difference in work environment and personal/professional 
goals between the engineer and scientist proves to be an important 
factor in determining their information-seeking habits and prac- 
tices. This review paper explores the science/technology and scien- 
tist/engineer dichotomy and focuses on the information-seeking 
habits and practices of the engineer. 


Thomas E. Pinelli is affiliated with NASA Langley Research Center, Hamp- 
ton, VA 23665. 
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BACKGROUND 

In their treatise. The Positive Sum Strategy: Harnessing Technol- 
ogy for Economic Growth, Landau and Rosenberg 22 describe tech- 
nological innovation as the critical factor in the long-term economic 
growth of modern industrial societies that functions successfully 
only within a larger social environment that provides an effective 
combination of incentives and complementary inputs into the inno- 
vation process. Technological innovation is a process in which the 
communication of STI is critical to the success of the enterprise . 12 35 

“ Technology , unlike science, is an extroverted activity; it in- 
volves a search for workable solutions to problems. When it finds 
solutions that are workable and effective, it does not pursue the 
why? very hard. Moreover, the output of technology is a product, 
process, or service. Science, by contrast, is an introverted activity. 
It studies problems that are usually generated internally by logical 
discrepancies or internal inconsistencies or by anomalous observa- 
tions that cannot be accounted for within the present intellectual 
framework .” 22 Technology is a process dominated by engineers, as 
opposed to scientists, which “leads to different philosophies and 
habits not only about contributing to the technical literature but also 
to using the technical literature and other sources of information .” 17 
Consequently, an understanding of the relationship between science 
and technology and the information-seeking habits and practices of 
engineers is essential to the development and provision of informa- 
tion services for engineers. 

THE NATURE OF SCIENCE AND TECHNOLOGY 

The relationship between science and technology is often ex- 
pressed as a continuous process or normal progression from basic 
research (science) through applied research (technology) to devel- 
opment (utilization). This relationship is based on the widely held 
assumption that technology grows out of or is dependent upon sci- 
ence for its development. However, the belief that technological 
change is somehow based on scientific advance has been challenged 
in recent years. Substantial evidence exists that refutes the relation- 
ship between science and technology. 

Schmookler 12 has attempted to show that the variation in inven- 
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tive activity between different American industries is explicable in 
terms of the variation in demand, concluding that economic growth 
determines the rate of inventive activity rather than the reverse. 
Price, 25 in his investigation of citation patterns in both scientific and 
technical journals, found that scientific literature is cumulative and 
builds upon itself, whereas technical literature is not and does not 
build upon itself. Citations to previous work are fewer in technical 
journals and are often the author’s own work. 

Price 25 concluded that science and technology progress indepen- 
dently of one another. Technology builds upon its own prior devel- 
opments and advances in a manner independent of any link with the 
current scientific frontier and often without any necessity for an 
understanding of the basic science underlying it. 

In summarizing the differences between science and technology. 
Price 25 makes the following 12 points. First , science has a cumulat- 
ing, close-knit structure; that is, new knowledge seems to flow from 
highly related and rather recent pieces of old knowledge, as dis- 
played in the literature. Second , this property is what distinguishes 
science from technology and from humanistic scholarship. Third, 
this property accounts for many known social phenomena in science 
and also for its surefootedness and high rate of exponential growth. 
Fourth , technology shares with science the same high growth rate, 
but shows quite complementary social phenomena, particularly in 
its attitude to the literature. Fifth , technology therefore may have a 
similar, cumulating, close-knit structure to that of science, but it is 
of the state of the art rather than of the literature. Sixth, science and 
technology each therefore have their own separate cumulating 
structures. Seventh, a direct flow from the research front of science 
to that of technology, or vice versa, occurs only in special and trau- 
matic cases since the structures are separate. 

Eighth, it is probable that research-front technology is strongly 
related only to that part of scientific knowledge that has been 
packed down as part of ambient learning and education, not to re- 
search-front science. Ninth, research-front science is similarly re- 
lated only to the ambient technological knowledge of the previous 
generation of students, not to the research front of the technological 
state of the art and its innovation. Tenth, this reciprocal relation 
between science and technology, involving the research front of one 
and the accrued archive of the other, is nevertheless sufficient to 
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keep the two in phase in their separate growths within each other- 
wise independent cumulation. Eleventh , it is therefore naive to re- 
gard technology as applied science or clinical practice as applied 
medical science. Twelfth , because of this, one should be aware of 
any claims that a particular scientific research is needed for particu- 
lar technological breakthroughs, and vice versa. Both cumulations 
can only be supported for their own separate ends. 

Allen , 2 who studied the transfer of technology and the dissemina- 
tion of technological information in R&D organizations, finds little 
evidence to support the relationship between science and technol- 
ogy as a continuous relationship. Allen concludes that the relation- 
ship between science and technology is best described as a series of 
interactions that are based on need rather than on a normal progres- 
sion. 

Allen 2 states that the independent nature of science and technol- 
ogy (S&T) and the different functions performed by engineers and 
scientists directly influence the flow of information in science and 
technology. Science and technology are ardent consumers of infor- 
mation. Both engineers and scientists require large quantities of in- 
formation to perform their work. At this level, there is a strong 
similarity between the information input needs of engineers and sci- 
entists. However, the difference between engineers and scientists in 
terms of information processing becomes apparent upon examina- 
tion of their outputs . 2 

According to Allen 2 information processing in S&T is depicted in 
the form of an input-output model. Scientists use information to 
produce information. From a system standpoint, the input and out- 
put, which are both verbal, are compatible. The output from one 
stage is in a form required for the next stage. Engineers use infor- 
mation to produce some physical change in the world. Engineers 
consume information, transform it, and produce a product that is 
information bearing; however, the information is no longer in ver- 
bal form. Whereas scientists consume and produce information in 
the form of human language, engineers transform information from 
a verbal format to a physically encoded form. Verbal information is 
produced only as a by-product to document the hardware and other 
physical products produced. 

According to Allen , 2 there is an inherent compatibility between 
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the inputs and outputs of the information-processing system of sci- 
ence. He further states that since both are in a verbal format, the 
output of one stage is in the format required for the next stage. The 
problem of supplying information to the scientist becomes a matter 
of collecting and organizing these outputs and making them accessi- 
ble. Since science operates for the most part on the premise of free 
and open access to information, the problem of collecting outputs is 
made easier. 

In technology, however, there is an inherent incompatibility be- 
tween inputs and outputs. Since outputs are usually in a form differ- 
ent from inputs, they usually cannot serve as inputs for the next 
stage. Further, the outputs are usually in two parts, one physically 
encoded and the other verbally encoded. The verbally encoded part 
usually cannot serve as input for the next stage because it is a by- 
product of the process and is itself incomplete . 2 Those unacquainted 
with the development of the hardware or physical product therefore 
require some human intervention to supplement and interpret the 
information contained in the documentation . 1 Since technology op- 
erates to a large extent on the premise of restricted access to infor- 
mation, the problem of collecting the documentation and obtaining 
the necessary human intervention becomes difficult . 12 


DISTINGUISHING ENGINEERS 
FROM SCIENTISTS 

In their study of the values and career orientation of engineering 
and science undergraduate students, Krulee and Nadler 21 found that 
engineering and science students have certain aspirations in com- 
mon: to better themselves and to achieve a higher socioeconomic 
status than that of their parents. They reported that science students 
place a higher value on independence and on learning for its own 
sake while engineering students are more concerned with success 
and professional preparation. Many engineering students expect 
their families to be more important than their careers as a source of 
satisfaction, but the reverse pattern is more typical for science stu- 
dents. 

Krulee and Nadler 21 also determined that engineering students are 
less concerned than science students with what one does in a given 
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position and more concerned with the certainty of the rewards to be 
obtained. They reported that, overall, engineering students place 
less emphasis on independence, career satisfaction, and the inherent 
interest their specialty holds for them and place more value on suc- 
cess, family life, and avoiding a low-level job. Engineering stu- 
dents appear to be prepared to sacrifice some of their independence 
and opportunities for innovation in order to realize their primary 
objectives. Engineering students are more willing to accept posi- 
tions that will involve them in complex organizational responsibili- 
ties and they assume that success in such positions will depend upon 
practical knowledge, administrative ability, and human relation 

skids. 21 

In his study of engineers in industry, Ritti 27 found marked con- 
trast between the work goals of engineers and scientists. Ritti draws 
the following three conclusions from his study: (1) the goals of 
engineers in industry are very much in line with meeting schedules, 
developing products that will be successful in the marketplace, and 
helping the company expand its activities; (2) while both engineers 
and scientists desire career development or advancement, for the 
engineer advancement is tied to activities within the organization, 
while advancement for the scientist is dependent upon the reputa- 
tion established outside of the organization; and (3) while publica- 
tion of results and professional autonomy are clearly valued goals of 
the Ph.D. scientist, they are clearly the least valued goals of the 
baccalaureate engineer. 

Allen' states that the type of person who is attracted to a career in 
engineering is fundamentally different from the type of person who 
pursues a career as a scientist. He writes that “perhaps the single 
most important difference between the two is the level of education. 
Engineers are generally educated to the baccalaureate level; some 
have a master’s degree while some have no college degree. The 
research scientist is usually assumed to have a doctorate. The long, 
complex process of academic socialization involved in obtaining 
the Ph.D. is bound to result in persons who differ considerably in 
their lifeviews.” According to Allen, 1 these differences in values 
and attitudes toward work will almost certainly be reflected in the 
behavior of the individual, especially in their use and production of 
information. 

According to Blade, 6 engineers and scientists differ in training, 
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values, and methods of thought. Further, Blade states that the fol- 
lowing differences exist in their individual creative processes and in 
their creative products: (1) scientists are concerned with discovering 
and explaining nature; engineers use and exploit nature; (2) scien- 
tists are searching for theories and principles; engineers seek to de- 
velop and make things; (3) scientists are seeking a result for its own 
ends; engineers are engaged in solving a problem for the practical 
operating results; and (4) scientists create new unities of thought; 
engineers invent things and solve problems. Blade states that “this 
is a different order of creativity.” 

Finally, communication in engineering and science are funda- 
mentally different. Communication patterns differ because of the 
fundamental differences between engineering and science and be- 
cause of the social systems associated with the two disciplines. 
With one exception, the following characteristics of the social sys- 
tems as they apply to the engineer and scientist are based on Holm- 
feld’s 16 investigation of the communication behavior of engineers 
and scientists. 

Engineer 

• Contribution is [technical] knowledge used to produce end- 
items or products. 

• New and original knowledge is not a requirement. 

• Reward is monetary or materialistic and serves as an induce- 
ment to continue to make further contributions to technical 
knowledge. 

• Seeking rewards that are not part of the social system of tech- 
nology is quite proper and also encouraged. 

• The value of technical knowledge lies in its value as a com- 
modity of indirect exchange. 

• Exchange networks found in the social system of technology 
are based on end-item products, not knowledge. 

• Strong norms against free exchange or open access to knowl- 
edge with others outside of the organization exist in the social 
system of technology. 

• Restriction, security classification, and proprietary claims to 
knowledge characterize the social system of technology. 
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Scientist 

• Contribution is new and original knowledge. 

• Reward is social approval in the form of professional [colle- 
gial] recognition. 

• Recognition is established through publication and claim of 
discovery. 

• A well-developed communication system based on unre- 
stricted access is imperative to recognition and claim of dis- 
covery. 

• Since recognition and priority of discovery are critical, strong 
norms against any restriction to free and open communication 
exist in the social system of science. 

• Seeking rewards that are not part of the social system of sci- 
ence in return for scientific contribution is not considered 
proper within the social system of science. 

• Exchange networks commonly referred to as “invisible col- 
leges” exist in the social system of science; in these networks 
the commodities are knowledge and recognition . 2610 

INFLUENCE ON INFORMATION-SEEKING HABITS 
AND PRACTICES OF ENGINEERS 

The nature of science and technology and differences between 
engineers and scientists influence their information-seeking habits, 
practices, needs, and preferences and have significant implications 
for planning information services for these two groups . 16 Taylor , 17 
who quotes Brinberg , 7 offers the following characteristics for engi- 
neers and scientists: “Unlike scientists, the goal of the engineer is 
to produce or design a product, process, or system ; not to publish 
and make original contributions to the literature. Engineers, unlike 
scientists, work within time constraints; they are not interested in 
theory, source data, and guides to the literature nearly so much as 
they are in reliable answers to specific questions. Engineers prefer 
informal sources of information, especially conversations with indi- 
viduals within their organization. Finally, engineers tend to mini- 
mize loss rather than maximize gain when seeking information.” 

Anthony et al ., 4 suggest that engineers may have psychological 
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traits that predispose them to solve problems alone or with the help 
of colleagues rather than finding answers in the literature. They 
further state that “ engineers like to solve their own problems. They 
draw on past experiences, use the trial and error method, and ask 
colleagues known to be efficient and reliable instead of searching or 
having someone search the literature for them. They are highly in- 
dependent and self-reliant without being positively antisocial.” 
According to Allen , 2 “Engineers read less than scientists, they 
use literature and libraries less, and seldom use information services 
which are directly oriented to them. They are more likely to use 
specific forms of literature such as handbooks, standards, specifica- 
tions, and technical reports.” What an engineer usually wants, ac- 
cording to Cairns and Compton , 8 is “a specific answer, in terms and 
format that are intelligible to him — not a collection of documents 
that he must sift, evaluate, and translate before he can apply them.” 
Young and Harriott 38 report that “the engineer’s search for informa- 
tion seems to be based more on a need for specific problem solving 
than around a search for general opportunity. When engineers use 
the library, it is more in a personal-search mode, generally not in- 
volving the professional (but “nontechnical”) librarian.” Young 
and Harriot conclude by saying that “when engineers need techni- 
cal information, they usually use the most accessible sources rather 
than searching for the highest quality sources. These accessible 
sources are respected colleagues, vendors, a familiar but possibly 
out dated text, and internal company [technical] reports. He [the 
engineer] prefers informal information networks to the more formal 
search of publicly available and cataloged information.” 

Evidence exists to support the hypothesis that differences be- 
tween science and technology and scientists and engineers directly 
influence information-seeking habits, practices, needs, and prefer- 
ences. The results of a study conducted by the System Development 
Corporation 36 determined that “an individual differs systematically 
from others in his use of STI” for a variety of reasons. Chief among 
these are five institutional variables — type of researcher, engineer 
or scientist; type of discipline, basic or applied; stage of project, 
task, or problem completeness; the kind of organization, fundamen- 
tally thought of as academia, government, and industry; and the 
years of professional work experience.” 
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Studies, such as the work performed by O’Gara, 23 indicate that 
information-seeking habits, practices, needs, and preferences are 
influenced by certain sociometric variables. O’Gara found a posi- 
tive correlation between physical proximity to an information 
source and its use. King et al., 19 report a positive correlation be- 
tween the number of visits to a library and proximity of the user. 

Gerstberger and Allen, 13 in their study of engineers and their 
choice of an information channel, note the following: 

Engineers, in selecting among information channels, act in 
a manner which is intended not to maximize gain, but rather to 
minimize loss. The loss to be minimized is the cost in terms of 
effort, either physical or psychological, which must be ex- 
pended in order to gain access to an information channel. 

Their behavior appears to follow a “law of least effort,” 39 Accord- 
ing to this law, individuals, when choosing among several paths to 
a goal, will base their decision upon the single criterion of “least 
average rate of probable work.” According to Gerstberger and Al- 
len, engineers appear to be governed or influenced by a principle 
closely related to this law. They attempt to minimize effort in terms 
of work required to gain access to an information channel. Gerst- 
berger and Allen reached the following conclusions: 

1. Accessibility is the single most important determinant of the 
overall extent to which an information channel or source is 
used by an engineer. 

2. Both accessibility and perceived technical quality influence 
the choice of the first source. 

3. The perception of accessibility is influenced by experience. 
The more experience engineers have with an information 
channel or source, the more accessible they perceive it to be. 

Gerstberger and Allen 13 conclude their discussion by stating that 
“any assumption that engineers act in accord with a simple instru- 
mental learning model in which they turn most frequently to those 
information channels which reward them most often should now 
clearly be laid to rest.” Rosenberg’s 28 findings also support the con- 
clusions by Gerstberger and Allen that accessibility almost exclu- 
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sively determines the frequency of use of information channels. Ro- 
senberg concludes that researchers minimize the cost of obtaining 
information while sacrificing the quality of the information re- 
ceived. In his study of the Factors Related to the Use of Technical 
Information in Engineering Problem Solving , Kaufman 18 reports 
that engineers rated technical quality or reliability followed by rele- 
vance as the criteria used in choosing the most useful information 
source. However, accessibility appears to be used most often for 
selecting an information source even if that source proved to be the 
least useful. 


THE INFORMATION SEEKING HABITS 
AND PRACTICES OF ENGINEERS 

Studies specifically concerned with the information-seeking 
habits and practices of engineers were reviewed to further develop 
the conceptual framework for this paper. Research studies deemed 
significant are listed in the “Overview of Engineering STI Studies” 
and are discussed in some detail. Although not comprehensive, data 
from these studies are used to further develop the concept of “dif- 
ferent” information-seeking habits and practices for engineers and 
scientists. (See Figure 1.) 

Herner 

Herner’s 15 is one of the first “user” studies that is specifically 
concerned with “differences” in information-seeking habits and 
practices. He reports significant differences in terms of researchers 
performing “basic and applied” research, researchers performing 
“academic and industry” type duties, and their information-seek- 
ing habits and practices. Herner says that researchers performing 
“basic or academic” duties make greater use of formal information 
channels or sources, depend mainly on the library for their pub- 
lished material, and maintain a significant number of contacts out- 
side of the organization. 

Researchers performing “applied or industry” duties make 
greater use of informal channels or sources, depend on their per- 
sonal collections of information and colleagues for information. 
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FIGURE 1. Overview of Engineering STI Studies 


Year 

Principal 

Investigator 

Research 

Method 

Population 

Sample 

Frame 

Sample 

Design 

Sample 

Size 

Percentage 
Response Rate 
(number 
responding) 

Description 

1954 

8 

1 

Structured 

interview 

All scientific 
and technical 
personnel at 
Johns Hopkins 

Unknown 

Unknown 

800 

100 

Survey us determine 
the inform alio q- 
gathenng methods 
of scientific and 
technical personnel at 
Johns Hopkins 

1970 

Rosenbloom 
and Wolek 

Self- 

administered 

questionnaire 

Members of 
5 industrial 
RAD organi- 
zations 
Members of 
4 IEEE interest 
groups 

2430 

Unknown 

Census 

Probability 

2430 

Unknown 

71 

(1735) 

Unknown 

(1034) 

Survey to determine 
how engineers and 
scientists in indus- 
trial research and 
development organi- 
zations acquire STI 

1977 

Allen 

Record 

analysis 

Self- 

administered 

questionnaire 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 
(1 153) 

Survey to determine 
technology transfer 
and the dissemi- 
nation zi technological 
infbrmasou in 
research and develop- 
ment organizations 

1980 

i 

Kremer 

Self- 

administered 

questionnaire 

All design 
engineers at one 
engineering 
design firm 

73 

Census 

73 

82 

(60) 

Survey to identify and 
evaluate the infor- 
mation ikannels used 
by engineers in a 
design company 

1981 

Shuchman 

Structured 

interview 

Self- 

administered 

questionnaire 

Engineers in 
89 RAD and 
non-RAD 
organizations 

14 797 

Probability 

3371 

39 

(1315) 

Survey to determine 
information used 
and production in 
engineering 

1983 

Kaufman 

Self- 

administered 

questionnaire 

Engineers in 
six technology- 
based organi- 
zations 

147 

Census 

147 

100 

(147) 

Survey to determine 
the use of technical 
information in tech- 
nical problem solving 


make significantly less use of the library than do their counterparts, 
and maintain fewer contacts outside of the organization. Applied or 
industry researchers make substantial use of handbooks, standards, 
and technical reports. They also read less and do less of their read- 
ing in the library than do their counterparts . 15 

Rosenbloom and Wolek 

Rosenbloom and Wolek 29 conducted one of the first “large- 
scale” industry studies that was specifically concerned with the 
flow of STI within R&D organizations. They report three signifi- 
cant and fundamental differences between engineers and scientists: 
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(1) engineers tend to make substantially greater use of information 
sources within the organization than do scientists; (2) scientists 
make considerably greater use of the professional (formal) literature 
than do engineers; and (3) scientists are more likely than engineers 
to acquire information as a consequence of activities directed to- 
ward general competence rather than a specific task. 

In terms of interpersonal communication, the engineers in the 
Rosenbloom and Wolek (1970) study recorded a higher incidence 
of interpersonal communication with people in other parts of their 
own corporation, whereas scientists recorded a greater incidence of 
interpersonal communication with individuals employed outside 
their own corporation. When using the literature, the engineers tend 
to consult in-house technical reports or trade publications, while the 
scientists tend to make greater use of the professional [formal] liter- 
ature. 

Rosenbloom and Wolek 29 report certain similarities between en- 
gineers and scientists as follows. The propensity to use alternative 
types of technical information sources is related to the purposes that 
will give meaning to the use of that information. Work that has a 
professional focus draws heavily on sources of information external 
to the user’s organization. Work that has an operational focus sel- 
dom draws on external sources, relying heavily on information that 
is available within the employing organization. Those engineers 
and scientists engaged in professional work commonly emphasize 
the simplicity, precision, and analytical or empirical rigor of the 
information source. Conversely, those engineers and scientists en- 
gaged in operational work typically emphasize the value of commu- 
nication with others who understand and are experienced in the 
same real context of work. 


Allen 


Allen’s 2 study of technology transfer and the dissemination of 
technological information within the R&D organization is the result 
of a 10-year investigation. Allen describes the study, which began 
as a “user study,” as a systems-level approach to the problem of 
communication in technology. Allen’s work is considered by many 
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information professionals to be the seminal work on the flow of 
technical information within R&D organizations. 

Allen 2 was among the first to produce evidence supporting differ- 
ent information-seeking habits and practices for engineers and sci- 
entists. These differences, Allen notes, lead to different philoso- 
phies and habits regarding the use of the technical literature and 
other sources of information by engineers. The most significant of 
Allen’s findings is the relative lack of importance of the technical 
literature in terms of generating new ideas and in problem defini- 
tion, the importance of personal contacts and discussions between 
engineers, the existence of technological “gatekeepers,” and the 
importance of the technical report. Allen states that “the unpub- 
lished report is the single most important informal literature source; 
it is the principal written vehicle for transferring information in 
technology.” 

Kremer 


Kremer’s 20 study was undertaken to gain insight on how technical 
information flows through formal and informal channels among en- 
gineers in a design company. The engineers in her study are not 
involved in R&D. Kremer’s findings are summarized as follows. 

In terms of information habits, personal files r are the most fre- 
quently consulted source for needed information. The reason given 
most frequently to search for information is problem solving; col- 
leagues within the company are contacted first for needed informa- 
tion, followed by colleagues outside of the company. In terms of 
the technical literature, handbooks are considered most important, 
followed by standards and specifications. Libraries are not consid- 
ered to be important sources of information and are used infre- 
quently by company engineers. 

Regardless of age and work experience, design engineers demon- 
strate a decided pref erence for internal sourc es of information. The 
perceived accessibility, ease of use, technical quality, and amount 
of experience a design engineer has had with an information source 
strongly influence the selection of an information source. Techno- 
logical gatekeepers were found to exist among design engineers; 
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they are high technical performers and a high percentage are first 
line supervisors. 

Shuchman 

Shuchman’s” study is a broad-based investigation of information 
transfer in engineering. The respondents represented 14 industries 
and the following major disciplines: civil, electrical, mechanical, 
industrial, chemical and environmental, and aeronautical. Seven 
percent, or 93 respondents, were aeronautical engineers. The engi- 
neers in Shuchman’s study, regardless of discipline, display a 
strong preference for informal sources of information. Further, 
these engineers rarely find all the information they need for solving 
technical problems in one source; the major difficulty engineers en- 
counter in finding the information they need to do their job is identi- 
fying a specific piece of missing data and then learning who has it. 

In terms of information sources and solving technical problems, 
Shuchman (1981) reports that engineers first consult their personal 
store of technical information, followed in order by informal dis- 
cussions with colleagues, discussions with supervisors, use of inter- 
nal technical reports, and contact with a “key” person in the orga- 
nization who usually knows where the needed information may be 
located. Shuchman stated that technical libraries and librarians are 
used by a small proportion of the engineering profession. 

In general, Shuchman” states engineers do not regard informa- 
tion technology as an important adjunct to the process of producing, 
transferring, and using information. While technological gatekeep- 
ers appear to exist across the broad range of engineering disciplines, 
their function and significance is not uniform; considering the total- 
ity of engineering, gatekeepers account for only a small part of the 
information transfer process. 

Kaufman 

Kaufman’s 18 study is concerned with the factors relating to the 
use of technical information by engineers in problem solving. The 
study reported that, in terms of information sources, engineers con- 
sult their personal collections first, followed by colleagues and then 
by formal literature sources. In terms of formal literature sources 
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used for technical problem solving, engineers use technical reports, 
followed in order by books, monographs, and technical handbooks. 

Most sources of information, according to Kaufman , 18 are found 
primarily through an intentional search of written information, fol- 
lowed by personal knowledge and then by asking someone. The 
study purports that the criteria used in selecting all information 
sources, in descending order of frequency, are accessibility, famil- 
iarity or experience, technical quality, relevance, comprehensive- 
ness, ease of use, and expense. The various information sources are 
used by engineers for specific purposes. Librarians and information 
specialists are primarily utilized to find leads to information 
sources. On-line computer searches are used primarily to define the 
problem. The technical literature is used primarily to learn tech- 
niques applicable to dealing with the problem. Personal experience 
is used primarily to find solutions to the problem. Kaufman reports 
that the criteria used in selecting the most useful information 
sources, in descending order of frequency, are technical quality or 
reliability, relevance, accessibility, familiarity or experience, com- 
prehensiveness, ease of use, and expense. In terms of the effective- 
ness, efficiency, and usefulness of the various information sources, 
personal experience is rated as the most effective in accomplishing 
the purpose for which it is used; librarians and information special- 
ists receive the lowest rating for efficiency and effectiveness. Most 
engineers use several different types of information sources in prob- 
lem solving; however, engineers do depend on their personal expe- 
rience more often than on any single specific information source. 


DISCUSSION 

The ability of engineers to identify, acquire, and utilize scientific 
and technical information (STI) is of paramount importance to the 
efficiency of technological innovation and the R&D process. Testi- 
mony to the central role of STI in the R&D process is found in 
numerous studies. These studies show, among other things, that 
engineers and scientists, and aerospace engineers and scientists in 
particular, devote more time, on the average, to the communication 
of technical information than to any other scientific or technical 

activity . 12,24 
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A number of studies have found strong relationships between the 
communication of STI and technical performance at both the indi- 
vidual 314,30 and group levels . 9,31,34 As Fischer 12 concludes, “The role 
of scientific and technical communication is thus central to the suc- 
cess of the innovation process, in general, and the management of 
R&D activities, in particular.” But as Solomon and Tornatzky 35 
point out, “While STI, its transfer and utilization, is crucial to tech- 
nological innovation [and competitiveness], linkages between [the] 
various sectors of the technology infrastructure are weak and/or 
poorly defined.” 

Economists, such as David,” point out that “technological inno- 
vation is the primary, if not the only means of improving industrial 
productivity. It is the force propelling the American economy for- 
ward and a process [that is] inextricably linked to knowledge trans- 
fer and diffusion.” In spite of its importance to the U.S. economy 
and the balance of trade, very little is known about technological 
innovation and the diffusion of knowledge both in terms of the 
channels used to communicate the ideas and the information-gather- 
ing habits and practices of the members of the social system in- 
volved in technological innovation. 

Therefore, it is likely that an understanding of the process by 
which STI is communicated through certain channels over time 
among the members of the technological social system would con- 
tribute to stimulating technological innovation, maximizing the 
R&D process, increasing R&D productivity, and improving and 
maintaining the professional competence of U.S. engineers. 

However, despite the vast amount of STI available to potential 
users, several major barriers to effective knowledge diffusion exist . 5 
First, the very low level of support for knowledge transfer in com- 
parison to knowledge production suggests that dissemination efforts 
are not viewed as an important component of the R&D process. 
Second, there are mounting reports from users about difficulties in 
getting appropriate information in forms useful for problem solving 
and decision making. Third , rapid advances in many areas of S&T 
knowledge can be fully exploited only if they are quickly translated 
into further research and application. Although the United States 
dominates basic R&D, foreign competitors may be better able to 
apply the results. Fourth, current mechanisms are often inadequate 
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to help the user assess the quality of available information. Fifth , 
the characteristics of actual usage behavior are not sufficiently 
taken into account in making available useful and easily retrieved 
information. These deficiencies must be remedied if the results of 
R&D are to be successfully applied to innovation, problem solving, 
and productivity. 


CONCLUDING REMARKS 

Only by maximizing the R&D process can the United States 
maintain and possibly recapture its international competitive edge. 
Key to this goal is the provision of information services and prod- 
ucts which meet the information needs of engineers. Evidence ex- 
ists which indicates that traditional information services and prod- 
ucts may, in fact, not be meeting the information needs of 
engineers. The primary reason(s) for this deficiency is three fold. 
First, the specific information needs of engineers are neither not 
well known nor well understood. Second, what is known about the - 
information-seeking habits and practices of engineers has not been 
applied to existing engineering information services. Third, infor- 
mation professionals continue to over emphasize technology instead 
of concentrating on the quality of the information itself and the 
ability of the information to meet the needs of the user. 
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